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Lysosome and lens epithelial cellThe interplay between Hsf4 and Hsf1 plays an important role in the regulation of lens homeostasis. However, the
mechanism of the intermolecular association involved is still unclear. In this paper, we ﬁnd that reconstitution of
Hsf4b intoHsf4−/− lens epithelial (mLEC/Hsf4−/−) cells can simultaneously downregulate Hsp70 expression and
upregulate the expression of small heat shock proteins Hsp25 and αB-crystallin at both RNA and protein levels.
ChIP assay results indicate Hsf4b,which binds to the promoters of Hsp90α, Hsp70.3, Hsp25 andαB-crystallin but
not Hsp70.1, can inhibit Hsf1 binding to Hsp70.3 promoter and the heat shockmediated Hsp70 promoter activity
by reducing Hsf1 protein expression. Hsf4b N-terminal hydrophobic region can interact with Hsf1 N-terminal
hydrophobic region. Their interaction impairs Hsf1's intramolecular interaction between the N- and C-terminal
hydrophobic regions, leading to Hsf1's cytosolic retention and protein degradation. Both lysosome inhibitors
(chloroquine, pepstatin A plus E64d) and proteasome inhibitor MG132 can inhibit Hsf4-mediated Hsf1 protein
degradation, but MG132 can induce Hsf1 activation as well. Upregulation of Hsf4b can signiﬁcantly inhibit
cisplatin and staurosporine induced lens epithelial cell apoptosis through direct upregulation of Hsp25 and
αB-crystallin expression. Taken together, our results imply that upregulation of Hsf4b modulates the expression
pattern of heat shock proteins in lens tissue by either directly binding to their promoters or promoting Hsf1
protein degradation. Moreover, upregulation of Hsf4b protects lens cell survival by upregulating anti-apoptotic
pathways. These studies reveal a novel regulatory mechanism between Hsf1 and Hsf4b in modulating lens
epithelial cell homeostasis.
© 2015 Elsevier B.V. All rights reserved.1. Introduction
Heat shock factors are a family of winged helix turn-helix DNA bind-
ing transcription factors that are activated by heat shock or other stress-
es and control the expression of heat shock proteins, which in turn
protect cell homeostasis by chaperoning protein folding and degrada-
tion or blocking stress-associated apoptosis [1]. This protective process
is known as heat shock response (HSR). Four heat shock factors (Hsf1,
Hsf2, Hsf3 andHsf4) are expressed inmammalian tissues. They regulate
many cellular processes such as cellular response to environmental
stress, pathological processes (e.g. cancer, neuron degenerative disease
and cataract) and some speciﬁc tissue development [2–4]. In addition to
activating heat shock protein expression, the intermolecular association
between Hsfs has been found to be important in modulating they of Molecular and Cellular
s, Henan University School of
+86 15514098091; fax: +86expression pattern and expression levels of heat shock proteins
depending on the type of tissue and stress [5,6]. However, the mecha-
nisms of their intermolecular association are still not understood.
Heat shock factors are associated with lens development [7,8].
Three heat shock factors (Hsf1, Hsf2 and Hsf4) are expressed in
ocular lens. Results from loss of function studies demonstrate that
Hsf4, rather than other Hsfs, play the critical roles during lens
development [9]. Genetic mutations in Hsf4 at its DNA binding
domain or other regulatory regions are associated with human
hereditary autosomal chromosome dominant and recessive cata-
racts [10–12]. Deletion of the Hsf4 gene leads to cataract formation
in the mouse models [8,13]. The Hsf4 gene expresses two splicing
variants, Hsf4a and Hsf4b, that are derived from mRNA splicing
[14,15]. Hsf4a, which is not expressed in lens tissue, suppresses the
expression of heat shock proteins when it is overexpressed in Hela
cells [14]. One of the potential inhibitory mechanisms is by
associating with and inhibiting Hsf1's transcription activity [16].
On the other hand, Hsf4b activates the Gal4–promoter–reporter
system, induces the expression of Hsp70 and Hsp90 in Hela,
HEK293 and MEF cell lines, and maintains the survival of yeast
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However, its transcriptional activity in lens tissue is quite different
from that in the above tumor cell lines. Deletion of Hsf4b in lens tis-
sues causes the downregulation of a number of small heat shock pro-
teins (e.g. Hsp25, αB-crystallin and r-crystallin) and lens speciﬁc
intermediate skeletal proteins (ﬁlensin, CP49 and vimentin), but up-
regulation of the expression of FGFs, Hsp70 and Hsp60 [8,13]. Inter-
estingly, the induction of Hsp70 and Hsp60 in Hsf4−/− lens is
abolished in the Hsf4 and Hsf1 double deﬁcient lens, suggesting
that Hsf4b counteracts Hsf1-mediated heat shock protein expression
(e.g. Hsp70 and Hsp60) [8]. Hsf1 is constitutively expressed in lens
tissue, but Hsf1 deﬁciency mainly causes developmental defects in
the brain and testis rather than the lens [4,8,18]. In contrast, the ex-
pression and transcriptional activity of Hsf4b are regulated during
lens development. The expression level of Hsf4b protein is relative
more than Hsf1 in postnatal and mature lens tissues [8]. Together,
these results strongly suggest that the intermolecular association
between Hsf4b and Hsf1 participates in modulating the expression
pattern and expression level of heat shock proteins during lens de-
velopment. However, the mechanism of the intermolecular associa-
tion between Hsf4b and Hsf1 is poorly understood.
In this paper, we studied the intermolecular association between
Hsf1 and Hsf4b in the lens cell lines in vitro. We found that Hsf4b,
which can upregulate the expression of Hsp25 and αB-crystallin
[19], can simultaneously downregulate Hsf1 and Hsp70 in the lens
epithelial cell lines in vitro. Hsf4b can associate with and impair
Hsf1 monomer structure, promoting Hsf1 degradation by the
lysosome and proteasome. In addition, Hsf4b can protect lens
epithelial cells against the cytotoxicity of cisplatin and staurosporine
by inducing the expression of Hsp25 and α B-crystallin. Our results
uncover a novel regulatory relationship between Hsf1 and Hsf4b in
modulating the expression pattern of heat shock proteins and their
cytoprotective roles in lens epithelial cells.
2. Materials and methods
2.1. Cell cultures
All cell lines are cultured in DMEM media with 4.5 mM of glucose,
2.5mMof glutamine, 1mMof sodiumpyruvate, 10% FBS and 1× antibi-
otics in 37 °C incubator with 5% CO2. The mLEC/Hsf4−/− and mLEC/HA-
Hsf4b cells were established in our lab [20]. The MEF/wt and MEF/
Hsf4−/− cell lines, which were immortalized by SV40/Tag, were ac-
quired from Dr. Akira Nakai (Department of Biochemistry and Molecu-
lar Biology, Yamaguchi University School of Medicine, Japan), the MEF/
wt andMEF/Hsf1−/− cell lines were fromDr. Xiao (Department ofMed-
icine, Zhongnan University School of Medicine, China), HLE cells
(human lens epithelial cell line) were from Dr. Mugeng Liu (Depart-
ment of Biology, Huazhong Technology and Science University, China).
The HEK293 cells are maintained in our lab.
2.2. Materials and plasmids
For plasmids, pcDNA-Flag-Hsf4a and pcDNA-Flag-Hsf4b, the
cDNAs of Hsf4a and Hsf4b, which were ampliﬁed by RT-PCR with a
N-terminal Flag-tag, were inserted into the pcDNA3 vector at the
KpnI and XhoI restriction sites. For the pEBG-Hsf4a, pEBG-Hsf4b
(1–230), pEBG-Hsf4b (230–320), PEBG-Hsf4b (320–493), pEBG-
Hsf1 (1–160), pEBG-Hsf1 (1–191), PEBG-Hsf1 (1–378), pEBG-Hsf1
(379–529) and pEBG-Hsf1 (full length) constructs, the correspond-
ing cDNAs were ampliﬁed by PCR and subcloned into the C-
terminal of the GST protein in the PEBG vector. The pcDNA-T7-Hsf1
(1–378) construct, which is the cDNA of human Hsf1 (1–378) with
a N-terminal T7-tag, was subcloned into the pcDNA3 vector at the
BamHI and XhoI restriction sites. All constructs were conﬁrmed
with DNA sequencing. For chemicals and antibodies, cisplatin andstaurosporin were bought from Sigma (St. Louis, MO, USA,). The
antibodies against Hsf1, GST, Hsp70 and Hsp90 are from Cell Signal-
ing (Boston, MA, USA). The antibodies against Hsp25 and β-actin are
from Sigma (St. Louis, MO, USA). The anti-α B-crystallin antibody is
from Santa Cruz Biotech (Dallas, Texas, USA), and ECL buffer is from
PIERCE (Rockford, IL, USA).
2.3. Immunoblotting, immunoprecipitation and in vivo GST-pull down
assay
For immunoblotting, cells were collected and lysed in NP-40 lysis
buffer (50 mM Tris·Cl, pH 7.4, 150 mM NaCl, 1% NP-40) containing
1× protease inhibitor cocktail and 1× phosphatase inhibitor cocktail
(Sigma, USA) for 30 min. The proteins were separated by SDS-PAGE
electrophoresis and transferred onto PVDF membrane. After being
blocked in 5% fat-free milk for 1 h, the membrane was incubated over-
night with primary antibody. The membrane was washed three times
in PBST buffer and then incubated with horseradish peroxidase-
conjugated secondary antibody for 1 h. After washing in PBST buffer,
the membrane was developed on x-ray ﬁlm. For the immunoprecipita-
tion assay, 0.8 to 1 mg of cell lysis protein was pre-cleaned with
proteinA/G agarose beads for 30 min. The supernatants were incubated
with primary antibody overnight. Protein A/G agarose beads were
added to the cell lysates and incubated for 2 h. The beads were pelleted
and washed 4 times with lysis buffer. The samples were subject to im-
munoblotting. For the in vivo GST-pull down assay, the cells were tran-
siently transfected with PEBG empty vector, PEBG-Hsf4b or PEBG-Hsf1
mutants. The cells were lysed in NP-40 lysis buffer and cell lysates
were incubated overnight with glutathione-sepharose 4b beads. The
beads were pelleted and washed 4 times with NP-40 lysis buffer. The
samples were subject to immunoblotting.
2.4. ChIP assay
ChIPassay was performed by following the protocol provided by the
kit (upstate, USA,). Brieﬂy, cells were cross-linked with 1% formalde-
hyde for 10 min at 37 °C and washed 3 times in PBS buffer (containing
protease inhibitor). The cells were lysed in ChIP lysis buffer and sonicat-
ed to chop the DNA into a small fragment. The cell lysates were diluted
in dilution buffer and pre-cleaned with Protein A-agarose beads. The
cell lysates were incubated with primary antibodies conjugated on pro-
tein A-agarose beads overnight. The beads were washed once in each of
4 buffers (low salt buffer, high salt buffer, LiCL buffer and TE buffer). The
DNA–protein complexes were eluted in buffer containing 1% SDS and
0.1 M NaHCO3. The protein-DNA crosslink was reversed by treating
with 5 M NaCl at 65 °C for 4 h. The DNA fragments were puriﬁed with
the PCR-puriﬁcation kit (Qiagen, USA) and subjected to PCR. The PCR
products were separated on agarose gels and photographed.
2.5. Semi-quantitative RT-PCR and qRT-PCR
The total RNAwas extractedwith TRIzol buffer following the kit pro-
tocol. 1 μg of total RNA was used to synthesize the ﬁrst strand of cDNA
with the kit (Promage, USA). The primers used in this paper are: for-
ward: 5′-CAGGACGAACATGGCTACA-3′ and reverse: 5′-AGAGCGCACA
GATTGACAG-3 for Hsp25; forward 5′-AAGAACGCCAGGACGAACAT-3′
and reverse 5′-GAGAGGATCCACATCGGCTG-3′ for αB-crystallin; for-
ward 5′-GTGGAGGAGTTCAAGAGG-3′ and reverse 5′-GATGGATGTGTA
GAAGTCG-3′ for mouse Hsp70, forward: 5′-CAACATGGCTAGCTTCGT
GC-3′ and reverse: 5′-AAGGATGCTGGAACTCGGTG-3′ for mouse Hsf1.
Beta-actin was used as the internal control. For the semi-quantitative
PCR, the samples were pre-denatured at 94 °C for 3 min and then sub-
jected to 25 cycles of 94 °C for 30 s, 56 °C for 30 s and 72 °C for 50 s.
The PCR products were separated on an agarose gel. For the qRT-PCR,
the samples were mixed with the SYBR green mixture and run on the
qPCR machine. The sample values were generated against the standard
748 X. Cui et al. / Biochimica et Biophysica Acta 1853 (2015) 746–755curve created by the same gene primer pair and normalized with the
values of the 18S RNA. The data is presented as relative fold changes
with respect to the controls. Data are representative of three
independent experiments and were analyzed using the Student t-test.
* Indicates P b 0.05.
2.6. Immunoﬂuorescent staining and luciferase assay
For immunoﬂuorescent staining, cells were grown on coverslips.
After treatment of cells at 43 °C for 1 h and recovery at 37 °C for
30 min, the cells were ﬁxed in 3.7% paraformaldehyde for 20 min,
washed 3 times with PBST buffer, and permeabilized with 0.2% NP-40
buffer for 5 min. After being blocked in 5% BSA buffer for 1 h, the
cells were incubated with primary antibody for 1 h and Alexa ﬂuor-
secondary antibody for 1 h. The nucleus was stained with Dapi. The
ﬂuorescent signals were photographed with the ﬂuorescence micro-
scope Zeiss 540 at 100× magniﬁcation. For the luciferase assay, the
pGL2-Hsp70-promoter construct was transiently cotransfected with
pcDNA-beta-Gal into HEK-293 cells. The cells were treated in water
bath at 43 °C for 1 h and recovered in an incubator at 37 °C for 8 h.
The luciferase and beta-gal activities were measured with the kits fol-
lowing their protocol (Promega,Madison,WI, USA). The reported valuesFig. 1.Hsf4b simultaneously inhibits Hsp70 expression and upregulates expression of Hsp25 an
Hsp90, β B-crystallin, Hsp25 and β-actin in lens epithelial cell lines mLEC/Hsf4−/− (lane 1) vs.
and β-actin inmLEC/Hsf4−/− (lane 1) vs. mLEC/HA-Hsf4b (lane 2) cells with semi-quantitative
mLEC/HA-Hsf4b (lane 2) cells with quantitative RT-PCR. E, interaction of Hsf4b to its targets' p
oligomer of primers.were obtained by dividing the luciferase value by the beta-gal absor-
bance values. The error bars reﬂect three independent experiments.
3. Results
3.1. Hsf4b simultaneously inhibits Hsp70 expression and upregulates the
expression of Hsp25 and αB-crystallin in lens epithelial cell line
Knockdown of the Hsf4 gene causes the upregulation of the
expression of Hsp70 but downregulation of Hsp25 in Hsf4−/− lens tis-
sues [8]. To dissect the molecular mechanism, we studied the expres-
sion of heat shock proteins such as Hsp70 (inducible Hsp70), Hsp90α,
Hsp25 and αB-crystallin in two lens epithelial cell lines: the mLEC/
Hsf4−/− vs. mLEC/HA-Hsf4b (Hsf4b cDNA was reconstituted into the
mLEC/Hsf4−/− cells). Consistent with previous reports [19], the expres-
sion of Hsp25 and αB-crystallin is signiﬁcantly induced in mLEC/HA-
Hsf4b cells compared to that in mLEC/Hsf4−/− cells (Fig. 1A, lanes 1
and 2). In contrast, the expression of Hsp70 protein is totally reversed
(Fig. 1A lanes 1 and 2). Hsp70, which is induced in mLEC/Hsf4−/−
cells, is downregulated in mLEC/HA-Hsf4b cells. Hsp90α protein
showed a slight reduction in the mLEC/HA-Hsf4b cells when compared
to the mLEC/Hsf4−/− cells (Fig. 1A). The results from semi-quantitativedαB-crystallin in lens epithelial cells. A, immunoblotting of the expression of Hsf1, Hsp70,
mLEC/HA-Hsf4b (lane 2). B, measurement of the mRNA expression of Hsp70, Hsp25, Hsf1
RT-PCR. C andD, quantitation of theHsp70 andHsp25mRNA inmLEC/Hsf4−/− (lane 1) vs.
romoter in ChIP assay: lane 1: mLEC/Hsf4−/−, lane 2: mLEC/HA-Hsf4b. n*: the unspeciﬁc
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protein, is inhibited (Fig. 1B and C). However, Hsp25 was upregulated
(Fig. 1D) in mLEC/HA-Hsf4b cells compared to that in mLEC/Hsf4−/−
cells. To determine whether Hsf4b can target the promoters,
chromatin-immunoprecipitation assay (ChIP) was performed. As the
results indicate in Fig. 1E, Hsf4b is co-immunoprecipitated with the
promoters of Hsp25, αB-crystallin, Hsp90 and Hsp70.3 but not
Hsp70.1 in mLEC/HA-Hsf4b cells (Fig. 1E, lane 2). However, no such
co-precipitation is observed in mLEC/Hsf4−/− cells (Fig. 1E, lane 1).
These results imply that the inhibition of Hsp70 expression by Hsf4b
cannot exclude the direct interaction between Hsf4b and Hsp70 pro-
moter. Taken together, these results support that Hsf4b can upregulate
the expression of small heat shock proteins such as Hsp25 and αB-
crystallin and inhibit the expression of Hsp70 simultaneously in lens ep-
ithelial cells.
3.2. Hsf4b downregulates Hsf1 protein expression and transcription activity
The induction of Hsp70 in Hsf4−/− lens tissues was abolished in the
Hsf1 and Hsf4 double knockdown lens tissues [8], suggesting that Hsf1
is responsible for the induction of Hsp70 in Hsf4−/− lens tissues, and
that Hsf4 negatively regulates Hsf1 transcription activity. To dissect
the molecular mechanism between these players, we compared theFig. 2.Hsf4b inhibits Hsf1 protein expression. A, immunoblotting of the expression of Hsf1, Hsf4
ing control. B, Hsf4b downregulates the expression of Hsf1 in HEK293 cells. HEK293 cells were
pression of Hsp70, Hsf1, Flag-Hsf4b and β-actinwas immunoblottedwith their corresponding a
expression in mLEC/Hsf4−/− (lane 1) vs. mLEC/HA-Hsf4b (lane 2) cells with quantitative-RT
Hsf4−/− and mLEC/HA-Hsf4b cells were subjected to ChIP assay by immunoprecipitating e
Hsp90, Hsp70.3, Hsp70.1, Hsp25 andαB-crystallin are detected by using PCR. Lanes 1 and 2 are
assay to determinewhether ectopic expression of Hsf1 can rescueHsf4b-mediated downregula
Hsf4bwith EGFP vector; lane3:mLEC/HA-Hsf4bwith EGFP-Hsf1. F, immunoﬂuorescent staining
withDapi. G, Nuclear-cytosol fraction assay determines the distribution of Hsf1 andHsf4b inmL
the nuclear fraction.expression of Hsf1 protein in two lens epithelial cell lines: mLEC/
Hsf4−/− vs. mLEC/HA-Hsf4b. The expression of endogenous Hsf1 pro-
tein is more in the mLEC/Hsf4−/− cells than that in the mLEC/HA-
Hsf4b cells (Fig. 1, lanes 1 and 2). Similar results are observed in the
MEF/Hsf4−/− vs. MEF/wt cell lines (Fig. 2A, lanes 1 and 2). Moreover,
Hsf1 is downregulated in Hsf4b-overexpressed HEK293 cells (Fig. 2B,
lanes 1 and 2) and hLEC (human lens epithelial cells) (data not
showed). The qRT-PCR results showed similar Hsf1 mRNA levels be-
tween the mLEC/Hsf4−/− and mLEC/HA-Hsf4b cells (Fig. 2C). No differ-
ence of Hsf1 mRNA levels is measured in MEF/wt vs. MEF/Hsf4−/− and
vector vs. Flag-Hsf4b-overexpressed HEK293 cells (Fig. S3). These re-
sults indicate that Hsf4b inhibits Hsf1 by modulating Hsf1's protein ex-
pression rather than its mRNA expression. To determine whether the
upregulation of Hsf1 inmLEC/Hsf4−/− cells is in response to the expres-
sion of Hsp70,mLEC/Hsf4−/− andmLEC/HA-Hsf4b cells are subjected to
the ChIP assay by immunoprecipitating Hsf1 (Fig. 2D). The results indi-
cate that Hsf1, which can bind to αB-crystallin promoter in both mLEC/
Hsf4−/− and mLEC/HA-Hsf4b cells, can only bind to Hsp70.3 promoter
in mLEC/Hsf4−/− but not in mLEC/HA-Hsf4b cells (Fig. 2D, lanes 3 and
4). No binding activity to the promoters of Hsp90, Hsp70.1 and Hsp25
is detected in both mLEC/Hsf4−/− and mLEC/HA-Hsf4b cells (Fig. 2D).
These results suggest that reconstitution of Hsf4b can inhibit Hsf1's pro-
tein expression and its activation. Furthermore, the immunoblottingand ERK1/2 inMEF/Hsf4−/− (lane 1) vs. MEF/wt cell lines. ERK1/2 is used for protein load-
transiently transfectedwith empty vector (lane 1) or pcDNA3-Flag-Hsf4b (lane 2). The ex-
ntibodies. Beta-actin is used for protein loading control. C,measurement of the Hsf1mRNA
-PCR. D, ChIP assay to determine Hsf1's binding activity to target promoters. The mLEC/
ndogenous Hsf1 protein. The primers that cover the HSE elements in the promoters of
inputs. Lanes 3 and 4 are ChIP results. “n” indicates none speciﬁc band. E, immunoblotting
tion of Hsp70. Lane 1:mLEC/Hsf4−/− cells transfectedwith EGFP vector; lane 2: mLEC/HA-
of the expression ofHsf1 inmLEC/Hsf4−/− vs.mLEC/HA-Hsf4b cells. Thenucleus is stained
EC/Hsf4−/− (lanes 1 and 2) vs.mLEC/HA-Hsf4b cells (lanes 3 and 4), NEK1 is an indicator of
Fig. 3. Hsf4b inhibits heat shock-mediated Hsf1 transcription activity. A, Hsf4b inhibits heat-induced activation of Hsp70 promoter in HEK293 cells. HEK293 cells were transiently co-
transfected with the constructs pGL2-Hsp70p-luciferase plus pcDNA-beta-Gal (internal control) or constructs pGL2-Hsp70p-luciferase together with pcDNA-beta-Gal (internal control)
and pcDNA-Flag-Hsf4b. The cellswere left untreated or treated at 43 °C for 1 h and then recovered at 37 °C for 8 h. The luciferase activity and beta-Gal absorbanceweremeasured following
the kits' protocols (Promega, USA). The luciferase values were normalized against the beta-gal values to account for the promoter activity. The data represent three independent exper-
iments. B, Hsf4b inhibits Hsf1 granulation under heat shock condition. TheHEK293 cells thatwere transiently transfectedwith pCDNA-Flag-Hsf4bwere leftwithout treatment or treated at
43 °C for 1 h. The Hsf1 and Flag-Hsf4b proteins were detected with immunoﬂuorescence staining. Arrow head indicates Hsf1 protein expression and granulation in Hsf4b positive cell.
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Hsf4b-mediated down-regulation of Hsp70 in themLEC/HA-Hsf4b cells
(Fig. 2E, lanes 2 and 3). No regulatory effects of Hsf1 on Hsf4b-mediated
expression of Hsp25 and αB-crystallin (Fig. 2E). These results indicate
that Hsf1's protein expression and transcription activity, which is in-
duced in mLEC/Hsf4−/− cells, respond to the Hsp70 expression. To de-
termine whether Hsf4 has regulatory effect on Hsf1 intracellular
localization, constructs expressing the RFP-Hsf4b or EGFP-Hsf1 are tran-
siently transfected into mLEC/Hsf4−/− cells, the results indicate that
they are colocalized in the nucleus (Fig. S2). To determine the role of
Hsf4b on the endogenous Hsf1 localization, the immunoﬂourescent
staining and nuclear-cytosol fraction assays were performed by using
mLEC/Hsf4−/− and mLEC/HA-Hsf4b cells. The results indicate that
Hsf1, which is expressed in both the cytoplasm and nucleus of mLEC/
Hsf4−/− cells, is translocated into the cytoplasm in mLEC/HA-Hsf4b
cells (Fig. 2F and G). These results suggest that Hsf4b can down-
regulate endogenous Hsf1 protein expression and induce Hsf1's
relocalization in the lens epithelial cells. As a result, the inhibition of
Hsf4b should be able to impair Hsf1-mediated heat shock response. As
the results indicated in Fig. 3A and B, ectopic Hsf4b suppresses heat
shock-induced Hsf1 granulation (a hallmark of Hsf1 activation under
heat shock condition) and Hsp70 promoter activity in the HEK293
cells at heat shock condition. Taken together, these data suggest that
Hsf4b protein can inhibit Hsf1 protein expression, nuclear localizationFig. 4. Hsf4b interacts with and impairs Hsf1 monomeric structure. A, Immunoprecipitation (IP
were transiently transfected with pcDNA-Hsf1 alone (lane 1) or cotransfected with pcDNA
coprecipitatedwith anti-Flag antibodywere immunoblottedwith anti Hsf1 antibody. Lanes 4 an
of the interaction between Hsf4b and Hsf1 with Gst-pull down assay. HEK293 cells were trans
Hsf4b together with pEBG (expressing Gst alone, lane 1) or pcDNA-Flag-Hsf4b with PEBG-Hsf1
to pull down theGst and Gst-Hsf1 proteins. The coprecipitated proteinswere immunoblottedw
heterogeneous Flag-Hsf4b and β-actin is indicated in the lower panel. C, Hsf1 amino acid
cotransfected with pEBG-Hsf1 (1–161) (lane 1), pEBG-Hsf1 (1–196) (lane 2), pEBG-Hsf1 (379
cipitated by glutathione-sepharose 4b beads were immunoblottedwith antibodies against Flag-
HEK293 cells were transiently transfected with pEBG empty vector (lane 1), pEBG-Hsf4b (1–23
tively. The protein complexes, which were coprecipitated with glutathione sepharose 4b beads
pression of endogenous Hsf1, Hsc70 and β-actin in the cell lysates were immunoblotted w
interaction between the N- and C-terminal hydrophobic regions of Hsf1. The upper panel sho
pcDNA-T7-Hsf1(1–378), PEBG empty vector and pcDNA3; lane 2: the cells were cotransfectedw
were cotransfected with pcDNA-T7-Hsf1(1–378) + pEBG-Hsf1 (379–529) + HA-Hsf4b (3
(379–529) + pcDNA3. The total amount of transfected plasmids in each group is 7 μg. The lo
for the Gst-pull down assay shown in the upper panel. F, immunoblotting to determine that do
transiently transfectedwith EGFP empty vector (lane 1), EGFP-Hsf4b (lane 2) and EGFP-Hsf4b/d
Hsf4b/del132-230 and β-actin are immunoblotted.and transcription activity, which may result in the downregulation of
Hsp70 expression in lens epithelial cells.
3.3. Hsf4b interacts with and impairs Hsf1's intramolecular association
between N- and C-terminal hydrophobic regions
The reduction of Hsf1 protein, but not its mRNA, by Hsf4b in Figs. 1
and 2 suggests that Hsf4b protein may interact with Hsf1 protein. To
prove this, the interaction between Hsf4 and Hsf1 was tested with im-
munoprecipitation and Gst-pull down assays. As Fig. 4A indicates,
Hsf1 was transiently cotransfected with empty vector (lane 1), Flag-
Hsf4b (lane 2) or Flag-Hsf4a (another isoform Hsf4, lane 3) into
HEK293 cells. The immunoprecipitation results indicate that ectopic
Hsf1 alone is not immunoprecipitated by anti-Flag antibody (Fig. 4A,
lane 1), but it is co-immunoprecipitated with Flag-Hsf4a and Flag-
Hsf4b (Fig. 4A, lanes 2 and 3). The ectopic expression of Hsf1 in the
cell lysates is indicated in Fig. 4A lanes 4 and 5. Conversely, the results
of the Gst-pull down assay in vivo indicate that HA-Hsf4b protein,
when transiently co-transfected together with Gst or Gst-Hsf1 into
HEK293 cells, is co-precipitated by Gst-Hsf1 (Fig. 4B lane 3) but not by
Gst or beads alone (Fig. 4B, lanes 1 and 2). These results indicate that
Hsf4b can complex with Hsf1 in the cells. Furthermore, the amino
acids that are involved in the interaction between Hsf4b and Hsf1 are
determined with the Gst-pull down assay. As the results indicate in) assay to measure the interaction between Hsf1 and Hsf4b in HEK293 cells. HEK293 cells
-Flag-Hsf4a (lane 2) or pcDNA-Flag-Hsf4b (lane 3). The protein complexes that were
d 5 indicate the ectopic expression of Hsf1 protein in the cell lysates for IP. B,Measurement
iently transfected with pcDNA3 empty vector (lane 2) or cotransfected with pcDNA-Flag-
(lane 3). The cell lysates were incubated with glutathione-sepharose 4b beads overnight
ith antibodies against Gst and Flag-tag (upper panel). Immunoblotting of the expression of
s from161–196 interact with Hsf4b. The construct pcDNA-Flag-Hsf4b was transiently
–529) (lane 3) and pEBG-Hsf1 (1–529) (lane 4). The protein complexes that were co-pre-
tag and Gst respectively. D, Hsf4b amino acids from 1–230 interact with endogenous Hsf1.
0) (lane 2), pEBG-Hsf4b (230–320) (lane 3) and pEBG-Hsf4b (320–493) (lane 4) respec-
, were immunoblotted with antibodies against Hsf1, Hsc70 and Gst (upper panel). The ex-
ith their corresponding antibodies (lower panels). E, Hsf4b inhibits the intramolecular
ws the Gst-pull down assay. Lane 1: cells were transiently cotransfected with constructs
ith pcDNA-T7-Hsf1(1–378)+ pEBG-Hsf1 (379–529)+HA-Hsf4b (1 μg); lane 3: the cells
μg); lane 4: the cells were cotransfected with pcDNA-T7-Hsf1(1–378) + pEBG-Hsf1
wer panel: immunoblotting of HA-Hsf4b, T7-Hsf1(1–378) and β-actin in the cell lysates
wn-regulation of Hsf1 by Hsf4b is through their interaction. The mLEC/Hsf4−/− cells were
el 132–230 (lane 3). The expression of endogenous Hsp70, Hsf1, EGFP, EGFP-Hsf4b, EGFP-
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(lane 2) and Gst-Hsf1 full length (lane 4), but not by Gst-Hsf1 (1–160)
(lane 1) and Gst-Hsf1 (380–529) (lane 3). The data suggest that
amino acids from 160–191 of Hsf1, which consist of the N-terminal
hydrophobic region of Hsf1, participate in the interaction with Hsf4b.
On the other hand, the endogenous Hsf1 protein is co-precipitatedwith Gst-Hsf4b (1–230) (lane 2) but not with Hsf4b (230–320), Hsf4b
(320–493) and Gst alone (Fig. 4D, lanes 3, 4 and 1). These data suggest
that Hsf4b (1–230), which includes Hsf4b's DNA-binding domain and
N-terminal HR-A/B region, is the Hsf1 interacting region. In addition,
our data showed that Hsc70, which was reported to interact with Hsf1
C-terminal transactivation domain [21], was also co-precipitated by
Fig. 5.Hsf4b promotesHsf1 degradation through lysosome and proteasome pathways. A, immunoblotting the expression ofHsf1, HA-Hsf4b, Hsp25,αB-crystallin andβ-actin in themLEC/
Hsf4−/− andmLEC/HA-Hsf4b cells that were untreated (lanes 1 and 5) or treatedwith chloroquine (lanes 2 and 6) orMG132 (lanes 3 and 7) or chloroquine plusMG132 (lanes 4 and 8). B,
immunoblotting the expression of Hsf1, HA-Hsf4b, Hsp25, αB-crystallin and β-actin in mLEC/Hsf4−/− vs. mLEC/HA-Hsf4b cells that were untreated (lanes 1 and 3) or treated with
pepstatin A (1 μg/ml) plus E64d (1 μg/ml) (lanes 2 and 4). Lower panel shows the density quantitation of Hsf1 protein in the upper panel with image J software.
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act with Hsc70 in cells.
Hsf1 monomers associate with the Hsp90–Hsp70 chaperone com-
plex under control conditions. The interaction between the C-terminal
and N-terminal hydrophobic regions of Hsf1 is important for maintain-
ing Hsf1's monomeric structure [22]. Due to the interaction between
Hsf4b and Hsf1's N-terminal hydrophobic region, we postulated that
Hsf4b bindingmight impair Hsf1'smonomeric structure by interrupting
the intramolecular interaction between the N- and C-terminal hydro-
phobic regions of Hsf1. To prove this, we tested the regulatory effect
of Hsf4b on the interaction between the N-terminal T7-Hsf1 (1–378)
and C-terminal Gst-Hsf1 (379–529) by increasing Hsf4b concentration
with the Gst-pull down assay. The results indicate that no association
between GST and T7-Hsf1 (1–378) was observed (Fig. 4E, lane 1).
Instead, the T7-Hsf1 (1–378) protein was co-precipitated by GST-Hsf1
(378–529) (Fig. 4E, lane 4). However, the interaction between T7-Hsf1
(1–378) and GST-Hsf1 (378–529) is greatly reduced with increasing
amounts of pWZL-HA-Hsf4b plasmid (Fig. 4E, lanes 2 and 3). These
results indicate that Hsf4b impairs the intramolecular interaction
between the N- and C-terminal hydrophobic regions of Hsf1.
To determine whether the intermolecular association between
Hsf4b and Hsf1 contributes to the down-regulation of Hsf1 protein ex-
pression, the mLEC/Hsf4−/− cells were transiently transfected with
EGFP empty vector (Fig. 4F, lanes 1), EGFP-Hsf4b (lane 2) and EGFP-
Hsf4b/del 132–230 (lane 3). The immunoblotting results indicate that
Hsf1 is downregulated by EGFP-Hsf4b but not by EGFP and EGFP-
Hsf4/del132-230. These results suggest that the Hsf4b can modulate
Hsf1 protein expression by direct interaction.
3.4. Hsf4b promotes Hsf1 degradation through both lysosome and
proteasome pathways
The proteasome and lysosome are two well-known organelles
that are responsible for the degradation of most intracellular pro-
teins. To study the pathway involved in Hsf4b mediated Hsf1 degra-
dation, the mLEC/Hsf4−/− and mLEC/HA-Hsf4b cells were treated
with Mg132 (proteasome inhibitor) and/or chloroquine (lysosome
inhibitor). As the results indicate in Fig. 5A, Hsf1 protein levels de-
creased in the sham-treated mLEC/HA-Hsf4b cells when comparedto the mLEC/Hsf4−/− cells (lanes 1 and 5), which is consistent with
our previous data (Fig. 1A). Under MG132 treatment, Hsf1 protein
accumulates and is supershifted in both mLEC/Hsf4−/− and mLEC/
HA-Hsf4b cells. This is accompanied by the upregulation of Hsp25
andαB-crystallin in these two cell lines. Consistent with previous re-
ports, these results suggest that MG132 not only induces Hsf1 pro-
tein stabilization but also activates Hsf1 transcription activity.
However, to our surprise, Hsf1 protein also accumulated in the
chloroquine-treated mLEC/Hsf4−/− and mLEC/HA-Hsf4b cells, but
no induction of Hsp25 and αB-crystallin protein expression was de-
tected (Fig. 5A lanes 2 and 6). These results suggest that the lyso-
some is also involved in Hsf1 protein degradation. Chloroquine
treatment does not induce Hsf1 and Hsf4b activation. Hsf4b protein
accumulated only in the MG132-treated mLEC/HA-Hsf4b cells
(Fig. 5A, lane 7). No synergistic inhibition between MG132 and chlo-
roquine is observed in the degradation of Hsf1 and Hsf4b (Fig. 5A,
lanes 4 and 8). To conﬁrm the potential degradation of Hsf1 by the
lysosome under control condition, the mLEC/Hsf4−/− and mLEC/
HA-Hsf4b cells were treated with pepstatin A and D64E, two speciﬁc
inhibitors of calthepsins in lysosome. The results indicate that Hsf1
protein, which is signiﬁcantly reduced in mELC/HA-Hsf4b cells com-
pared to that in mLEC/Hsf4−/− cells under sham-treated condition
(Fig. 5B, lanes 1 and 3 and low panel), accumulates in both cell
lines treated with peptstatin A and D64E (Fig. 5B, lanes 2 and 4). Nei-
ther inhibitor displays regulatory effects on the expression of Hsf4b,
Hsp25, and αB-crystallin in these two cell lines (Fig. 5B, lanes 2 and
4). The lower panel is the density quantitation of Hsf1 in Fig. 5B.
These results strongly support that the lysosome is involved in
Hsf1 protein degradation. Taken together, our data in Fig. 5 suggest
that degradation of Hsf1 goes through both the lysosome and protea-
some pathways.
3.5. Hsf4b inhibits cisplatin and staurosporin induced lens epithelial cell
apoptosis
The main function of heat shock proteins is to chaperon the
misfolded protein and protect cells from apoptosis under stress. Since
Hsf4b can remodulate the expression patterns of heat shock proteins,
we postulate that Hsf4b may be associated with the anti-apoptosis
Fig. 6.Hsf4b inhibits lens epithelial cell apoptosis induced by cisplatin and staurosporine. A,morphology and quantitation of the apoptotic nucleus induced by cisplatin. ThemLEC/Hsf4−/−
and mLEC/HA-Hsf4b cells were treated with 20 μM cisplatin for 24 h. The apoptotic cell nuclei were stained with dye Hoechst 33,342 dye (right panel) and quantitated with image J (left
panel). B, Hsf4b inhibits cisplatin-induced lens epithelial cell apoptosis. ThemLEC/Hsf4−/− andmLEC/HA-Hsf4b cellswere treatedwith completemedia containing either PBS (lanes 1 and
5) or 20 μM cisplatin for 6, 24 and 48 h (lanes 2, 3, 4, 6, 7 and 8). The expression of cleaved caspase 3, HA-Hsf4b and β-actin were immunoblotted. C, Hsf4b inhibits lens epithelial cell
apoptosis induced by staurosporine. The two cell lines were treated with media containing PBS (lanes 1 and 5) or staurosporine at concentration of 1, 2 and 4 μM for 24 h (lanes 2, 3,
4, 6, 7 and 8). The expression of cleaved caspase 3 and β-actin were immunoblotted. D, Hsp25 and αB-crystalline inhibit cisplatin induced lens epithelial cell apoptosis. The mLEC/
Hsf4−/−, mLEC/Hsp25 (Hsp25 cDNA was reconstituted into mlEC/Hsf4−/− cells) and mLEC/Cryab (cryab cDNA was reconstituted into mLEC/Hsf4−/− cells) cells were treated with
media containing either PBS (lanes 1, 4 and 7) or 20 μM cisplatin for 15 h (lanes 2, 5 and 8) and 24 h (lanes 3, 6 and 9). The expression of cleaved caspase 3, Hsp25, αB-crystallin and
β-actin were immunoblotted.
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Hsf4b cells were treated with apoptosis inducer cisplatin at 20 μM for
24 h. The apoptotic nuclei were stained with Hochest 33342 dye
(Fig. 6A) and the number of apoptotic cells was quantiﬁed (Fig. 6A
right panel). No apoptotic cells were observed in the two cell lines in
the untreated condition (data not shown). However, under cisplatin
treatment, approximately 60% of the mLEC/Hsf4−/− cells had
undergone apoptosis, which was signiﬁcantly higher than the 20% of
apoptotic mLEC/HA-Hsf4b cells (Fig. 6A). Immunoblotting results of
cells treated with 20 uM cisplatin for 24 and 48 h indicate that
caspase-3 became more active in the mLEC/Hsf4−/− cells when
compared to that in the mLEC/HA-Hsf4b cells (Fig. 6B, lanes 3, 4, 7 and
8). Similarly, we also found that mLEC/HA-Hsf4b cells were more
resistant to the staurosporin-induced cell apoptosis than the mlEC/
Hsf4−/− cells (Fig. 6C). Since Hsf4b controls the expression of Hsp25
and αB-crystallin in these lens epithelial cells, which are well known
for their anti-apoptotic activities in many tissues, we hypothesize that
Hsp25 and αB-crystallin might be two downstream targets underlying
Hsf4b's anti-apoptotic activity. To prove this, mLEC/Hsf4−/−, mLEC/
Hsp25 and mLEC/Cryab cell lines (Hsp25 and αB-crystallin cDNAs
were reconstituted into the mLEC/Hsf4−/− cells respectively) were
treated with 20 μM cisplatin for 0, 15 and 24 h. The results indicate
that caspase-3 ismore active in themLEC/Hsf4−/− cellswhen compared
to that in the mLEC/Hsp25 and mLEC/Cryab cells under cisplatin
treatment (Fig. 6 D). These results suggest that the anti-apoptotic
roles of Hsf4b are associated with its upregulation of the expression of
downstream targets Hsp25 and αB-crystallin.
4. Discussion
Defective Hsf4 causes postnatal cataracts. In Hsf4−/− lens tissues the
expression of Hsf1 and its downstreamHsp70 andHsp60 is induced but
the expression of the small heat shock proteins (e.g. Hsp25, r-crystallin
and β B-crystallin) is reduced [8,13]. These results suggest that there is
crosstalk between Hsf1 and Hsf4b in modulating the expressionpatterns of heat shock protein in lens tissues. But the intermolecular
regulatory mechanism is still not clear. In this paper, we provide evi-
dence thatHsf4b, thedominant isoform in lens tissue, can downregulate
Hsf1 protein expression by physically interacting with Hsf1 through
their N-terminal HRA/B regions. Binding to Hsf4b impairs the intramo-
lecular interaction between Hsf1's N-terminal HRA/B and C-terminal
HR/C domains, blocking Hsf1's nuclear translocation and facilitating
Hsf1 protein degradation by both the lysosome and proteasome. This
results in the inhibition of Hsf1's transcription activities. In addition,
Hsf4b can bind to the promoters of Hsp70.3, αB-crystallin and Hsp25
but not to the promoter of Hsp70.1 promoter, suggesting that the direct
inhibition of Hsp70 transcription by Hsf4b cannot be excluded [17,19].
Moreover, our data indicate that Hsf4b can upregulate the anti-
apoptotic pathway in lens epithelial cells treated with cytotoxic cisplat-
in and staurosporine. According to these results, we propose that by
tuning down the expression and transcription activities of Hsf1, Hsf4b
becomes the predominant survival regulator in early lens development.
Hsf1 transcriptional activities are induced in Hsf4−/− lens cells to com-
plement the Hsf4 deﬁciency, allowing the lens cells to survival under
Hsf4 deﬁcient conditions.
The accumulated evidences imply that the intermolecular interac-
tion of the heat shock factors may determine the expression amount
and pattern of heat shock proteins in the speciﬁc tissues in response
to the different stresses [3,6]. For example, Hsf1 and Hsf2 are
coexpressed in most cells, Hsf1 is the dominant heat shock response
regulator, while Hsf2 is more sensitive to proteotoxin and developmen-
tal signals but less to heat shock stress [23]. However, under heat shock
or proteotoxic conditions, Hsf2 can form heterotrimer with Hsf1
through the interaction of their N-terminal HRA/B regions, and modu-
late Hsf1-mediated heat shock protein expression, which in turn deter-
mines the level of heat shock response to the stresses [6]. In addition,
the interplay between Hsf4a and Hsf1 or Hsf4a and Hsf2 were reported
recently. Hsf4a can bind to Hsf2 promoter and downregulate Hsf2 ex-
pression in HEK293 cells, leading to inhibition of hemin-induced Hsf2
transcription activation [24]. The intermolecular association between
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also seen in other transcription factor families, such as the Smad family,
P53 family, etc. [25–27]. During mammalian ocular lens development,
at least three heat shock factors (Hsf1, Hsf2 and Hsf4) are differentially
co-expressed in lens tissues [8]. The expression of Hsf4b is induced in
the newborn lens epithelia and secondary ﬁber cells [8,28], whereas
Hsf1 and Hsf2 are constitutively expressed at low levels. The factors
that determine the different ratios of heat shock factors during lens de-
velopment are still not completely understood. To some extent, our data
imply that the intermolecular association betweenHsf4b andHsf1 plays
the important roles inmodulating the expression patterns of heat shock
proteins in lens epithelial cell (Figs. 1 and 2). To elucidate the mecha-
nism behind the intermolecular associations, we found that Hsf4b can
physically interact with Hsf1 through their N-terminal hydrophobic re-
gions under control conditions (Fig. 4). Hsf4b homotrimerizes under
control condition due to the lack of the c-terminal coil–coil region,
while Hsf1 remains a monomer. According to the interaction results in
Fig. 4, we postulate that an oligomer of Hsf4b and Hsf1 might contain
a trimerized Hsf4 and a monomeric Hsf1, but this proposition reminds
to be proved by crystallography. This interaction manner is different
from the interaction between Hsf1 and Hsf2, which only happens
under heat shock condition [6]. Furthermore, our results show that
the signiﬁcance of the interaction between Hsf4b and Hsf1 is to block
Hsf1's intramolecular association between its N-and C-terminal hydro-
phobic regions, which is important for maintaining Hsf1 monomeric
structure and protein stability [22]. The degradation mechanism of
Hsf1 by Hsf4b is still unclear. Our earlier studies indicate that Hsf1 can
interact with Hsc70 at its C-terminal transactivation domain (amino
acids 379–529) under control condition [21], but whether this associa-
tion is involved in regulating Hsf1's protein stability is still not clear.
Our data in Fig. 4D indicate that Hsf4 can also form a complex with
Hsc70 at its C-terminal transactivation domain. This means that Hsf1,
Hsf4b andHsc70 can form a complex.Whether this complex is associat-
ed with Hsf1 protein stability is still under investigation in our lab.
From our data (Figs. 1–4) we postulate that Hsf4b participates in the
regulation of Hsf1 protein stability rather than Hsf1' s mRNA transcrip-
tion (Fig. 1 and 2). The molecular pathways that regulate Hsf1 protein
turnover are still not completely understood. Our earlier studies indi-
cate that FILIP1l, a homologue ofmyosin heavy chain type II, can scaffold
Hsf1 and Rad23, a ubiquitin-proteasome receptor, and promote Hsf1
degradation by the proteasome, suggesting that the proteasome is one
of the organelles responsible for Hsf1 degradation [21]. However, inhi-
bition of the proteasome by MG132 cannot signiﬁcantly induce Hsf1
protein accumulation. Instead, MG132 completely activates Hsf1 tran-
scription activities (Fig. 4) [29], suggesting that Hsf1 is not mainly de-
graded by the proteasome, rather it is sensitized by the proteasomal
protoetoxin stresses. In addition to the proteasome, the lysosome is an-
other subcellular organelle responsible for protein turnover. To deter-
mine how Hsf1 is degraded in lens epithelial cells, the two lens
epithelial cell lines (mLEC/Hsf4−/− and mLEC/HA-Hsf4b) were treated
with proteasome and lysosome inhibitors. To our surprise, Hsf1 protein
turnover in these two cell lines is inhibited by both the lysosome and
proteasome inhibitors (e.g. chloroquine, pepstatinA plus E64D and
MG132 respectively). But onlyMG132 shows to activate Hsf1 transcrip-
tion activities. Chloroquine andMG132 do not seem to act synergistical-
ly in regulating Hsf1 protein turnover. These results imply that Hsf1
protein turnover may be predominantly regulated by the lysosome
under control condition. The proteasome is involved in the regulation
of Hsf1 transcriptional activation. Autophagy is one of the pathways
that mediate protein turnover by the lysosome. Hsf1 was reported to
regulate autophagy, but the results were confused. One study indicated
that Hsf1 can upregulate ATG7 expression and it's associated autophagy
pathway [30]. Another report showed that defective Hsf1 can upregu-
late autophagy efﬂux [31]. The reason for these different conclusions
may be due to the different cell lines and stress stimulators utilized in
the respective experiments. Recently, autophagy was reported to beinvolved in regulating protein turnover of cell cycle regulators cyclin
A2 [32] and P53 [33]. Our data in Fig. 4 show that lysosome inhibitors,
which are used to block autophagy, can induce Hsf1 protein accumula-
tion, suggesting that autophagy may be involved in modulating Hsf1
protein turnover, but this postulation is still under investigated in our
lab. For Hsf4b protein turnover, lysosome inhibitors do not seem to reg-
ulate Hsf4 protein turnover. Instead, Hsf4b protein turnover is mainly
regulated through the proteasome, which is consistent with our previ-
ous reports [19].
Increasing the ratio of Hsf4b to Hsf1 in postnatal lens tissue corre-
sponds with the expression of small heat shock proteins (e.g. Hsp25, β
B-crystallin and r-crystallin). However, the biological function of this
axis is still not clear. Lens development includes anterior epithelial cell
cycle withdrawing at G0, equatorial epithelial cell proliferation and dif-
ferentiation to ﬁber cells, and ﬁber cell terminal differentiation. Accom-
panying these biological processes, the protein turnover pathways
including the apoptotic-like proteolysis pathways, proteasome and au-
tophagy pathways and the pathways of the cellular survival such as
heat shock response and UPR were dynamically activated [34–36].
Hsf1 mediated heat shock response has been deﬁned to be a survival
regulator in many tissues [37]. However, in lens epithelial cells, Hsf4b
can downregulate Hsf1 proteins and upregulate small heat shock pro-
teins simultaneously [8], suggesting Hsf4b may be the main survival
regulator of lens development postnatally rather than Hsf1. Fig. 6
shows that ectopic Hsf4b can reduce lens epithelial cell apoptosis
induced by the cytotoxic cisplatin and staurosporine, and the anti-
apoptotic roles of Hsf4b rely on its two downstream targets Hsp25
and αB-crystallin. Hsp25 and αB-crystallin are known to be able to
inhibit apoptosis by inhibiting mitochondrial cytochrome C release
and caspase 3 activation, and play the protective roles against hypoxia–
reperfusion induced oxidative stresses in brain, heart and acute kidney
injury [38]. According to our data, we propose that upregulation of
Hsf4b expression will increase the anti-apoptotic abilities of lens epithe-
lial or ﬁber cells against the differentiation as well as the environmental
stresses.5. Conclusion
According to our results, we conclude that Hsf4b can ﬁne-tune the
expression patterns of heat shock proteins by directly binding to its tar-
gets' promoter or counteracting Hsf1 transcription activity, facilitating
lens cell survival against the differentiation and environmental stresses.
Our results unveil a novel potential intermolecular regulatory mecha-
nism between Hsf4b and Hsf1 during lens epithelial cell differentiation.Conﬂict of interest
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